Background: A common dilemma in the management of pelvic fractures is recognizing the presence of associated abdominal injury. The purpose of this study was to determine the association between initial therapeutic intervention (laparotomy or transcatheter arterial embolization (TAE)) and mortality. Methods: This was a cohort study using the Japan Trauma Data Bank between 2004 and 2010, including blunt trauma patients with pelvic fractures and positive Focused Assessment with Sonography in Trauma (FAST) results. Eligible patients were restricted to those who underwent laparotomy or TAE/angiography as the initial therapeutic intervention. Crude and adjusted odds ratio (AOR) for in-hospital mortality were compared between the laparotomy first and TAE first groups (reference group). Multiple logistic regression analysis and propensity score adjusted analysis were used to adjust for clinically relevant confounders, including the severity of injury. Results: Of the 317 participants, 123 patients underwent laparotomy first and 194 patients underwent TAE first. The two groups were similar in terms of age, although the laparotomy first group had higher mean Injury Severity Scores (ISS) and higher mean scores based on the abdominal Abbreviated Injury Scale (AIS), as well as lower mean pelvic AIS and systolic blood pressure (SBP). Half of the patients who were hypotensive (SBP < 90 mmHg) on arrival underwent TAE first. The laparotomy first group had a significantly higher crude in-hospital mortality (41% vs. 27%; P < 0.01). After adjusting for confounders, the choice of initial therapeutic intervention did not affect the in-hospital mortality (AOR, 1.20; 95% Confidence Interval (CI), 0.61-2.39). Even in the limited subgroup of hypotensive patients (SBP 66-89 mmHg and SBP < 65 mmHg subgroup), the effect was similar (AOR, 1.50; 95% CI, 0.56-4.05 and AOR, 1.05; 95% CI, 0.44-3.03). Conclusions: In Japan, laparotomy and TAE are equally chosen as the initial therapeutic intervention regardless of hemodynamic status. No significant difference was seen between the laparotomy first and TAE first groups regarding in-hospital mortality.
Background
Despite advances in trauma care, the appropriate management of hemorrhage due to pelvic fractures and associated abdominal injuries remains a big challenge for general surgeons [1] [2] [3] [4] . The pelvic ring is composed of two stiff coxal bones, the sacrum and their supporting strong ligaments. Pelvic fractures usually occur with high-energy blunt trauma, such as occurs in motor vehicle crashes or falls, causing multiple life-threatening injuries to the organs of the entire body [3] . In a preceding study, isolated fracture of the pelvis appeared in only 14% of patients, most of who suffered from additional associated injuries in other organ systems 1 . The overall frequency of additional intraabdominal injuries in patients with unstable pelvic fractures is reportedly as high as 67% [1] [2] [3] [4] . However, it is quite difficult to decide the precise management priorities in patients with both retroperitoneal bleeding from pelvic fractures and free bleeding into the intraperitoneal space.
Some review articles and practice management guidelines for pelvic trauma patients have been published in the United States and Europe [5, 6] . These articles have recommended that hemodynamically unstable patients with pelvic fractures and positive Focused Assessment with Sonography in Trauma (FAST) results should proceed for immediate exploratory laparotomy [5, 6] . A number of small retrospective studies have described the practice patterns and outcomes in patients with pelvic fractures and hemoperitoneum [1, [7] [8] [9] . However, evidence to support these recommendations has yet to be found, and thus the clinical dilemma about whether laparotomy or transcatheter arterial embolization (TAE) should be the initial therapeutic intervention in these difficult-to-manage patients has yet to be resolved.
Since the sequence of these interventions varies according to institutional resources and policy, we suppose that many practice variations exist in each country and each institution. To our knowledge, no large comparative analytic study has documented the association between initial therapeutic intervention (laparotomy or TAE) and mortality, after taking hemodynamic stability and the severity of injury in pelvic trauma patients into consideration. The purpose of this study was to determine the association between initial therapeutic intervention (laparotomy or TAE) and in-hospital mortality.
Methods

Study design and data source
We conducted a historical cohort study using data derived from the prospectively maintained Japan Trauma Data Bank (JTDB) during the years 2004 through 2010. The JTDB was started in 2003 by the Japanese Association for Trauma Surgery (Trauma Registry Committee) and the Japanese Association for Acute Medicine (Committee for Clinical Care Evaluation). The Association for Japan Trauma Care Research (JTCR) assumed the lead role in training the AIS-certified trauma registry coders. The JTDB represents a large national repository of trauma patients. Data are continuously inputted into a web-based data server from 147 major, voluntarily participating emergency hospitals in Japan in 2011. The registry records contain each patient's demographic data [age, gender, vital signs on-scene and at presentation at the emergency department (ED)]; mechanism of injury; pre-existing medical conditions according to the International Classification of Diseases (ICD-10); diagnostic, operative, and interventional information; injury severity; and patient disposition [10] [11] [12] . Diagnosis of injury is recorded according to the Abbreviated Injury Scale (AIS) using AIS 90 Update 98. The severity of anatomic injuries is evaluated using the Injury Severity Score (ISS) and the severity of physiological injuries is evaluated using the Revised Trauma Score (RTS). Probability of survival (Ps) was calculated using these data and Trauma and the Injury Severity Score (TRISS) method. The JTDB also contains data about FAST, which detects free intraperitoneal fluid and pericardial effusion. This study received full approval of the ethics committee of Kyoto University.
Patient selection and definitions
This study included blunt trauma patients who had both pelvic fractures and positive FAST results. Eligible patients included those who underwent either laparotomy or TAE/ angiography as the initial therapeutic intervention. To control for potential confounders in the design stage of the study, patients with penetrating trauma were excluded from analysis. To minimize concern about other organ injuries as potential confounders, we also excluded patients with unsalvageable severe head injury (head AIS ≥ 5) and those who underwent a different initial therapeutic intervention, such as craniotomy/craterization, thoracotomy, including both resuscitative thoracotomy and pericardiocentesis/pericardiotomy in the ED, bone fixation surgery, other types of surgery, non-surgical management and non-classifiable cases. We also excluded patients who were dead on arrival (DOA). We defined patients as DOA if their systolic blood pressure (SBP), respiratory rate and Glasgow Coma Scale (GCS) scores were at the minimum values on arrival [13] . Hypotension was defined as SBP < 90 mmHg.
The primary outcome of interest was in-hospital mortality. The secondary outcome of interest was mortality within 24 hours of hospital admission. The primary independent variable was the initial therapeutic intervention (laparotomy or TAE/angiography).
Statistical analysis
We performed a descriptive analysis of our dependent variables. Patients were then divided into two groups based on whether they underwent laparotomy (laparotomy first group) or TAE/angiography (TAE first group) as the initial therapeutic intervention. Data are summarized as mean ± standard deviation (SD) or number and percentage (%). We performed a descriptive data analysis comparing patient demographics between the laparotomy first and TAE first groups, using χ 2 analysis for categorical variables and Student's t-test or Mann-Whitney U test for continuous variables.
We conducted an unadjusted analysis that included a comparison of in-hospital mortality and mortality within 24 hours between the laparotomy first and TAE first groups (reference group). The results were presented as risk ratio (RR) and odds ratio (OR) with 95% confidence intervals (CI). Significant differences were found between the two groups based on the known risk factors for death, including the severity of injuries; therefore, we performed multivariable analysis. To adjust for pretreatment imbalances of background clinical characteristics, we used two statistical approaches. First, a multiple logistic regression model (model 1) was used to analyze associations between initial therapeutic intervention (laparotomy or TAE) and in-hospital mortality.
Covariates in this regression model, in addition to initial therapeutic intervention variables, included age, gender, number of comorbidities, SBP and GCS score in the ED, and both ISS and AIS of major bodily injuries (pelvic AIS, head AIS, thoracic AIS and abdominal AIS). Second, we used a propensity score methodology (model 2) to calculate the propensity score, i.e. the conditional probability of undergoing laparotomy as the initial therapeutic intervention, given all the potential confounders measured. The propensity score was calculated through a multiple logistic regression model using 'undergoing laparotomy' as the dependent variable and the same confounders listed in model 1 as independent variables. The propensity score was then used to perform multiple logistic regression analysis of only independent variables. In addition to these analyses, we also performed subgroup analysis according to clinically relevant confounders, as indicated. The same unadjusted analysis and multiple logistic regression analysis was rerun on the following subgroups of trauma patients: (1) SBP (≤65 mmHg, 66-89 mmHg or ≥90 mmHg), (2) pelvic AIS (≤3 or ≥4), and (3) abdominal AIS (≤3 or ≥4).
We chose the simple approach of eliminating patients with missing data about covariates and discharge disposition because the proportion of missing data was small. A multiple imputation approach using chained equations was also used to account for missing covariates as a sensitivity analysis. Statistical analyses were two-sided, with a P value of 0.05 considered to indicate statistical significance. All analyses were performed using Stata/SE 11 (StataCorp, College Station, TX, USA).
Results
Study participants and baseline characteristics
During the study period, 147 emergency hospitals submitted data on 70,683 patients to the JTDB. Of the 70,683 patients, 1,153 were diagnosed with both pelvic fractures and positive FAST results. Of these 1,153 eligible patients, 481 patients were excluded because of penetrating injury (1 patient), DOA (308 patients), head AIS ≥ 5 (77 patients) and unknown hospital discharge disposition (95 patients). Of the remaining 672 patients, 355 patients were excluded because they underwent an initial therapeutic intervention other than laparotomy or TAE. The interventions performed in these excluded patients and their numbers (proportion of death (%)) were craniotomy/craterization in 11 patients (73%), thoracotomy in 61 patients (77%), bone fixation surgery in 98 patients (5%), no operation in 164 patients (37%) and other type of operation or nonclassifiable in 21 patients (48%). A total of 317 patients from the 87 institutions that submitted data were analyzed in this study. The process used to select participants from the database is shown in Figure 1 .
Baseline demographics and clinical characteristics of all participants in this study are summarized in Table 1 . The overall mean age of participants was 48.8 years, 58% were men and 43% were found to have one or more comorbidities. Upon arrival in the ED, 51% of patients were hypotensive (SBP < 90 mmHg). With regard to injury severity, the mean pelvic AIS was 3.5, mean abdominal AIS was 2.5, mean ISS was 37.4, mean RTS was 6.3 and mean Ps, according to the TRISS method, was 0.63. Associated abdominal organ injuries of the liver (31%), spleen (22%), kidney (14%), mesentery (11%), bladder (8%) and bowel perforation (7%) were also present in some of the patients. No major differences in background demographics were found between eligible patients and those whose outcome data were missing.
Of the 317 participants, 123 underwent laparotomy (laparotomy first group) and 194 underwent TAE/angiography (TAE first group) as the initial therapeutic intervention. The laparotomy first group had a higher proportion of men, a higher mean ISS, and a higher mean abdominal AIS score than the TAE first group. The laparotomy group had a lower mean GCS score and was more likely to present with a lower mean SBP. On the other hand, the TAE group had a higher mean pelvic AIS score and showed better Ps than the laparotomy group. Approximately half (50%) of the patients who were hypotensive in the ED underwent TAE as the initial therapeutic intervention.
Association between initial therapeutic intervention and in-hospital mortality
Results of unadjusted comparisons of mortality between the two groups are shown in Table 2 . Using the TAE first group as a reference, the laparotomy first group had both a significantly higher unadjusted, crude in-hospital mortality rate (RR, 1.52; 95% CI, 1.11-2.08 and OR, 1.87; 95% CI, 1.12-3.11) and a higher mortality rate within 24 hours (RR, 1.71; 95% CI, 1.16-2.51 and OR, 2.04; 95% CI, 1.17-3.56).
Multivariable analyses were then performed to determine the association between initial therapeutic intervention and in-hospital mortality ( Table 3 ). To adjust for potential confounders, we created a multiple logistic regression model (model 1) using patients' characteristics, vital signs in the ED, and severity of injuries. In model 1, the choice of initial therapeutic intervention was not associated with a statistically significant increase in risk of inhospital mortality (adjusted OR, 1.20; 95% CI, 0.61-2.39). In addition, we used propensity-adjusted analysis. Propensity score-adjusted regression model (model 2) demonstrated no significant difference in in-hospital mortality between the laparotomy and TAE first groups (adjusted OR, 1.13; 95% CI, 0.63-2.01). The area under the receiver operating characteristic (ROC) curve, or c-statistic, of our study was 0.80, which indicated good predictive power and confirmed that the variables we selected in our propensity model were highly predictive of the treatment. We also found that age ≥ 65 years (OR, 6.24), SBP < 65 mmHg (OR, 3.33), GCS < 9 (OR, 4.97), pelvic AIS (OR, 1.54) and abdominal AIS (OR, 1.36) were independent predictors of in-hospital death for all participants. A multiple imputation approach using chained equations to account for missing covariates (age: 1 case, SBP: 3 cases, GCS: 12 cases) demonstrated similar results to those obtained on complete set analysis.
The results of subgroup analyses according to SBP, pelvic AIS and abdominal AIS are shown in Table 4 . Based on univariable analyses, laparotomy as the initial therapeutic intervention was associated with a significantly increased risk of in-hospital mortality (crude OR, 2.68; 95% CI, 1.32-5.44) when patients were grouped by severe pelvic AIS (pelvic AIS ≥ 4). On the other hand, multivariable analysis using logistic regression model 2 indicated that the choice of initial therapeutic intervention was not associated with a statistically significant increase in the risk of in-hospital mortality in all-patient subsets. In the limited subgroup of hypotensive patients (SBP < 65 mmHg and SBP 66-89 mmHg subgroup), the association between initial therapeutic intervention and in-hospital mortality was similar (AOR, 1.50; 95% CI, 0.56-4.05 and AOR, 1.05; 95% CI, 0.44-3.03, respectively).
Discussion
In this large, nationwide observational study, we described a unique practice pattern in Japan for multiple trauma patients with pelvic fractures and hemoperitoneum. Particularly remarkable was the fact that half (50%) of the patients who were hypotensive (SBP < 90 mmHg) in the ED underwent TAE as the initial therapeutic intervention, which is quite different from the United States and Europe. Among all patients and injury patterns, laparotomy was chosen when patients presented with more severe injuries of the whole body, especially severe abdominal organ injuries. TAE, on the other hand, was selected when patients had more severe pelvic fractures, regardless of the hemodynamic status. This descriptive analysis does confirm the soundness of the clinical judgment of Japanese surgeons who take care of critically injured trauma patients with pelvic injuries. We also noted that the choice of initial therapeutic intervention was not associated with an increased risk of in-hospital mortality. The results were similar in the subgroup of hypotensive patients. Although a methodological limitation of using FAST as a selection criterion is the lack of specific information in the JTDB describing the quantity of hemoperitoneum, our findings suggest that the choice of TAE as the initial therapeutic intervention is acceptable in some limited patients, regardless of hemodynamic status and even in the presence of proven intraperitoneal bleeding.
In this study, we could not find any evidence to support the recommendation from practice guidelines, which state that immediate exploratory laparotomy should be performed in patients who are hemodynamically unstable. The fact that TAE was the primary intervention of choice in some patients who presented with hypotension suggests that the major cause of shock was retroperitoneal bleeding from a pelvic fracture. The precision with which fracture pattern alone or hemodynamic stability alone can predict the necessity of angiography is limited [5, 8, [14] [15] [16] [17] .
In general, the indications for exploratory laparotomy between trauma patients both with and without pelvic fractures are identical [5, 6] . In our experience, however, some patients with pelvic fractures have associated oozing from the mesentery or a retroperitoneal hematoma that passes into the abdominal cavity [1] . It is difficult to distinguish between oozing from these sites and bleeding from additional intra-peritoneal organs. We also know that a large number of patients with solid organ injuries, such as those of the liver and spleen, secondary to blunt trauma, are currently managed non-surgically [18] [19] [20] . An experimental study showed that laparotomy resulted in both a marked reduction in retroperitoneal pressure and a decreased tamponade effect in cadaveric specimens with pelvic fractures. This is due to the fact that anatomically, the pelvic retroperitoneum communicates with the space of the abdomen [21] .
A previous study from the United States, which included patients who had a combination of unstable fracture pattern of the pelvis, persistent shock and abdominal injury, reported that 84% (21/25) of patients underwent laparotomy first [7] . Moreover, a previous study from Germany, which included patients who had a combination of unstable fracture pattern of the pelvis, hypotension in the ED and positive FAST results, also reported that 100% (15/15) of patients underwent laparotomy first [1] . These data suggest that it is difficult to examine the impact of initial therapeutic intervention on the outcome in pelvic trauma patients because of uniform clinical practices in the United States and Europe.
Our study is noteworthy for several reasons. First, practice variations in Japan made it possible to statistically compare the mortality between the laparotomy first and TAE first groups. Second, the JTDB contained data about FAST. As a result, we could extract many eligible patients from a nationwide database, allowing for generalization of these results. Third, we re-examined the treatment effects after we divided subjects into three subgroups according to SBP in the ED, i.e. normotension (≥90 mmHg), mild hypotension (66-89 mmHg) and severe hypotension (≤65 mmHg). Therefore, we could evaluate the outcome after adjusting the most relevant confounding effect, hemodynamic status. Finally, to evaluate the robustness of our analytical methods, we used two statistical methodologies, including the propensity score methodology. Similar results using both methods support this robustness.
Conversely, several limitations of the present study warrant mention. First, this cohort study suffers from potential residual confounders, information about which was not available within the database used. The JTDB does not record information regarding fracture patterns of the pelvis, distribution and quantity of free intraperitoneal fluid, volume and type of intravenous fluid administration and subsequent blood pressure. Thus, since hypotension was only documented on arrival to the ED, we were unable to determine whether patients were responders or non-responders to fluid replacement therapy. Furthermore, the JTDB does not record procedural findings, or whether the procedure was therapeutic or non-therapeutic. Therefore, we were unable to perform subgroup analysis according to the correctness or incorrectness of each procedure. Second, there is a potential selection bias in our study because only patients presenting to emergency hospitals participating in the JTDB were eligible for inclusion in this study. However, the institutions registered with the JTDB are not limited to Level 1 trauma centers. A previous study using the JTDB found no major differences between their data and those from the American College of Surgeons National Trauma Data Bank with regard to the characteristics of patients, and some previously published survival prediction models using the JTDB were compatible with those predicted by other national databases [11, 22] . Hence, we believe that generalization of our findings is not likely to have skewed our results. Third, there is also a selection bias about the sensitivity and specificity of FAST. FAST has been shown to be an accurate diagnostic test in the setting of pelvic fractures, detecting hemoperitoneum with a specificity of 87% to 100% and sensitivity of 75% to 81% [1, 5, 23] . Finally, the trauma registry suffers from a number of missing data, especially unknown hospital discharge disposition. However, the proportion of missing outcomes, which we assumed to be completely random, was only 8%, and thus we do not believe it affected the direction of the observed associations. Emergent retroperitoneal pelvic packing (PPP) for controlling life-threatening hemorrhage from pelvic fractures, although used widely in Europe and some trauma centers in the United States [24] [25] [26] , has not yet been adopted in Japan. Emergent PPP seems to have some advantages in controlling hemorrhage, particularly when angiography is unavailable or would result in significant delay. However, in nearly every trauma center in Japan, the CT scanner and angiography suite are located right next to or inside the resuscitation area for trauma patients, which is directly accessible from the ED [8, 27] . These trauma systems have been implemented to minimize the time from the patient's arrival to the ED to completion of diagnosis and subsequent performance of the angiographic procedure by trauma surgeons or radiologists. Based on these factors, we suppose that there are an extremely small number of patients who underwent PPP first for controlling hemorrhage from pelvic fractures between 2004 and 2010 in Japan [8, 27] . Conversely, these unique practice patterns in Japan made it possible to compare the mortality between laparotomy first and TAE first groups without the confounding influence of PPP.
Despite possible methodological limitations, our data have several important clinical implications for trauma specialists. This research, which presents comprehensive data from Japan, highlights the differences between the degree of trauma severity, trauma patterns, and practice patterns in Japan and those in both the United States and Europe. A simple comparison with other countries is not possible; however, information from a significant number of cases obtained from a nationwide survey in Japan, and the fact that Japan-specific practice patterns and their outcomes could be presented, should be viewed as extremely significant and relevant. In Japan, initial therapeutic intervention is chosen according to the severity of injuries, especially severity of abdominal organ injury and pelvic fractures, regardless of hemodynamic stability. After adjusting for confounders, including severity of injuries, the choice of initial therapeutic intervention was not associated with a statistically significant increase in risk of inhospital mortality. In particular, it is remarkable that half of the patients who were hypotensive in the ED underwent TAE as the initial therapeutic intervention without a significant increase in the risk of in-hospital mortality. We do accept the clinical fact that decision-making in the ED involves complex assessment of multiple variables, and is not easily covered with a simple practice guideline that recommends only one approach. However, our observational study does have an important role to play in situations where randomized clinical trials are not available, to quantify procedure/treatment effectiveness and real world experiences. Even though several points need to be considered when interpreting the present findings, we believe that our study adds a small piece of evidence to the clinically relevant question of appropriate initial intervention in pelvic injury patients with hemoperitoneum. We hope our study will stimulate future multi-institutional prospective cohort studies, ideally with randomized trials, for assessing the unmeasured information that is currently unavailable in the JTDB, for improving the evidence base supporting guideline recommendations.
Conclusions
In this large, nationwide observational study in Japan, initial therapeutic intervention is chosen according to the severity of injuries, especially severity of abdominal organ injury and pelvic fractures, regardless of hemodynamic stability. The choice of initial therapeutic intervention (laparotomy first versus TAE first) was not associated with an increased risk of in-hospital mortality.
